INTRODUCTION
Mycophenolic acid (MPA) is a selective inhibitor of enzymes such as inosine monophosphate dehydrogenase that has a role in guanosine synthesis. MPA also disrupts DNA synthesis in T and B lymphocytes, and suppresses immune functions by inducing apoptosis. However, the underlying signaling pathways are not known. Apoptotic signaling is conducted through the death receptor, mitochondrial, and endoplasmic reticulum-mediated stress protein pathways. Key biochemical events involved in the induction of apoptosis include the up-regulated expression of pro-apoptotic proteins and/or down-regulation of anti-apoptotic proteins. The primary apoptotic thesurgery.or.kr signal transduction cascade associated with programmed cell death involves members of the Bcl-2 family [1] .
Proteins belonging to the Bcl-2 family either promote cell survival (Bcl-2 and Bcl-XL) or induce apoptosis (Bax) [2] .
Increased levels of Bax and/or decreases in Bcl-2 expression leads to the loss of mitochondrial membrane potential. This is a key event in apoptosis induction, and involves a reduction of ATP levels, influx of ions that decreases the mitochondrial membrane potential, and the opening of mitochondrial permeability transition pores [3] . Loss of mitochondrial membrane potential is catastrophic for cells and leads to the release of cytochrome c into the cytosol [3] . Mitochondrial dysfunction has been shown to participate in the induction of apoptosis and has been suggested to activate the apoptotic pathway.
This study evaluated the mitochondrial membrane potential transition (MPT) changes that lead to MPA-mediated apoptosis in Jurkat cells. Cell viability and MPT changes were measured by flow cytometry. Western blotting was performed to evaluate the expression of Bcl-2 family proteins, Bid, tBid, cytochrome c, voltage dependent anion channel (VDAC), and protein kinase C-δ (PKC-δ). The catalytic activity of caspase-9 and -3 in the Jurkat cells was also measured.
METHODS

Cell lines and culturing
Human Jurkat T cells, a T lymphocytic cell line, were ob- 
Measurement of cell viability
Western blotting
After treating Jurkat cells with MPA, the cells were collected and washed twice with cold Hank's balanced salt solution. The cells were lysed in radioimmunoprecipitation assay buffer (50 mM HEPES, pH 7.4; 150 mM NaCl, (Fig. 1) . The level of tBid protein also increased in a time-dependent manner in MPA-treated Jurkat cells (Fig. 2) . Normal MPT appears as orange fluorescence while green fluorescence indicates abnormal MPT. In the present study, green fluorescence increased while orange decreased in the MPA-treated cells (Fig. 3) . Treatment with MPA also significantly increased the release of cytosolic cytochrome c (Fig. 4) . Enzymatic activation of caspase-3 and -9 was measured by fluorogenic substrate to examine the mechanism through which apoptosis is induced by MPA. MPA increased the catalytic activity of both caspase-3 and 9 in Jurkat cells in a time-dependent manner.
The enzymatic activation of caspase-9 gradually increased after 6 hours, and reached a maximum (6.5-times greater than the control group) after 30 hours, but rapidly decreased (Fig. 5A) . Activation of caspase-3 was also gradually increased (Fig. 5B) . The expression of PARP and protein kinase C-δ (PKC-δ) was measured by Western blotting to observe the changes of substrate in the cytoplasm resulting from the activation of caspase-3. A 116 kDa PARP band, one of caspase-3 substrates, was cleaved into a 85 kDa band after 6 hours of MPA treatment; after 24 hours, more than 50% of the PARP had been cleaved. A 78 kDa PKC-δ, another substrate of caspase-3, was cleaved into a 40 kDa fragment after 12 hours of MPA treatment (Fig. 5C ).
Taken together, our findings demonstrated that MPA increased the catalytic activity of both caspase-9 and -3 in However, the signaling pathways involved in this procedure are not well understood [4] . Apoptosis, also known as a programmed cell death, is one an essential physiological process involved in the growth of normal organs and constant maintenance of tissues. Hallmarks of apoptosis include cellular contraction of due to dehydration, cell membrane blebbing, increased cytoplasmic calcium concentration, chromatin condensation, DNA fragmentation in a characteristic "ladder pattern" due to activated endonucleases, and apoptotic body formation [5] .
The major apoptotic signal transduction cascade involves the Bcl-2 family proteins [6] . Bcl-2 is a protein associated with human follicular lymphoma with a molecular weight of 28 kDa. It is not involved in the cellular growth, but acts to suppress apoptosis. The mechanism by which Bcl-2 prevents apoptosis is known to play a role in controlling the integrity of the outer mitochondrial membrane. A thesurgery.or.kr previous study concluded that the decreased ratio of Bcl-XL/Bcl-XS by MPA directly correlated with apoptosis in Jurkat cells [7] . Bcl-2 degradation was observed when cell viability reduced below 20% (40 hours after MPA treatment). In contrast to Bcl-2, Bax is known to promote apoptosis [8] . Expression of Bax was also observed. Thus, our study showed that the expression of Bcl-2 and Bax had opposing effects on apoptosis in Jurkat cells treated with MPA. Increases in the level of Bax and/or decreased Bcl-2 expression leads to loss of mitochondrial membrane potential which is a key event in the induction of apoptosis.
This process involves a reduction in ATP levels, influx of ions that leads to decreased mitochondrial membrane potential, and opening of the mitochondrial permeability transition pores [7] .
Bid is one of proapoptotic Bcl-2 homology (BH) 3 only proteins. BH3 only proteins promote mitochondrial outer membrane permealization and essential for apoptosis initiation. BH3 only proteins bind with high affinity and specificity to anti-apoptotic Bcl-2 family member, thereby Bax/Bak to elicit mitochondrial outer membrane permealization and activation of caspase cascade [9, 10] . tBid targets the mitochondria causing leakage of apoptogenic proteins. Loss of mitochondrial membrane potential is catastrophic for cells and leads to release of cytochrome c into the cytosol [11] . As the level of cytochrome c increases in the cytosol, it interacts with Apaf-1. ATP then forms a complex with procaspase-9, leading to activation of caspase-9 and -3 which results in PARP cleavage [12, 13] . Activated caspase-3 cleaves various target protein such as PARP, PKC-δ, lamin, mitogen-activated protein/extracullular signal-regulated kinase, and other caspases.
Caspase-3 is central role of apoptosis. It also induces the functional activation or inactivation of the molecular proteins in cellular signaling pathway [14] [15] [16] . Our results showed that apoptosis in Jurkat cells treated with MPA was accompanied by activation of caspase-3 and -9 ( Fig.   5A, B) . The enzymatic activation's increase of caspase-3 and 9 and fragmentation of PARP and PKC-δ (Fig. 5C) were also identified. In summary, we found that MPA-induced apoptosis in Jurkat cells is mediated by MPT changes and the expression of tBid via cyotchrome c release and the catalytic activity of caspase-9 and 3. This result suggests that MPA causes mitochondrial dysfunction that leads to human T lymphocyte apoptosis [17] [18] [19] .
CONFLICTS OF INTEREST
No potential conflict of interest relevant to this article was reported.
